from an EF-hand motif in the NH 2 -terminal region of STIM1 located within the SR/ER lumen, translocation of STIM1 proteins to form oligomeric collections termed "puncta" in portions of the SR/ER membrane close to SOC in plasma membrane, and interactions of STIM1 with SOC and/or associated regulatory proteins that lead to channel activation and SOCE (13, 59, 62) . Indeed, it has been proposed that fulfillment of these functions by STIM1 should define SOC (58). Closely related to STIM1 is STIM2, a 105-kDa protein detected in SR/ER but not plasma membrane, which has 61% structural homology with STIM1, including an EF-hand domain, a protein-protein interaction site known as the sterile ␣-motif domain, and a coiled-coils membrane spanning region within an ezrin/radixin/moesin (ERM) domain (9). The function of STIM2 is not as well understood as that of STIM1. Some studies indicate that STIM2 has little or no effect on SOCE (22, 30, 36, 51) , whereas others suggest that STIM2 may inhibit STIM1 (50), act to maintain basal cytoplasmic and SR/ER luminal Ca 2ϩ (4), or regulate store-dependent and -independent activation of SOC (35). Although STIM2 was detected in airway and coronary arterial smooth muscle (36, 51), expression in PASMC has not been reported.
or depolarization (60 mmol/l KCl) in cells treated with small interfering RNA targeted to STIM1 (siSTIM1) or STIM2 (siSTIM2). As determined by real-time quantitative PCR analysis (qPCR), STIM1 mRNA was 200-fold more abundant than STIM2 in untreated control PASMC. siSTIM1 and siSTIM2 caused specific and significant knockdown of both mRNA measured by qPCR and protein measured by Western blotting. siSTIM1 markedly inhibited SOCE and abolished the sustained [Ca 2ϩ ]i response to hypoxia but did not alter the initial transient [Ca 2ϩ ]i response to hypoxia, the [Ca 2ϩ ]i response to depolarization, or basal [Ca 2ϩ ]i. The only effect of siSTIM2 was a smaller inhibition of SOCE. We conclude that STIM1 was quantitatively more important than STIM2 in activation of SOC in rat distal PASMC and that the increase in [Ca 2ϩ ]i induced by acute hypoxia in these cells required SR Ca 2ϩ release and STIM1-dependent activation of SOC. STIM2; TRPC1; hypoxic pulmonary vasoconstriction; calcium signaling; vascular smooth muscle; KCl HYPOXIC PULMONARY VASOCONSTRICTION (HPV) is triggered by an increase in intracellular Ca 2ϩ concentration ([Ca 2ϩ ] i ) in pulmonary arterial smooth muscle cells (PASMC) (31, 43, 44, 46, 52, 54) . This increase may be due to PASMC depolarization and secondary influx of Ca 2ϩ through sarcolemmal L-type voltage-operated Ca 2ϩ channels (VOCC) (6, 12, 31, 54) . However, hypoxia may also cause release of Ca 2ϩ from sarcoplasmic reticulum (SR) (15, 29, 44, 52, 55, 63) , leading to activation of sarcolemmal Ca 2ϩ -permeable store-operated channels (SOC), store-operated Ca 2ϩ entry (SOCE) in PASMC (29, 54) , and HPV in isolated lungs (57) . Which of these possibilities is correct remains controversial. Recent studies in a wide variety of cell types, including smooth muscle (8, 18, 36, 51) , have shown that SOCE requires a 90-kDa transmembrane Ca 2ϩ -binding protein known as stromal interaction molecule 1 (STIM1) (9, 13, 17, 42) . STIM1 is found in sarco(endo)plasmic reticulum (SR/ER) and plasma membrane and functions as both the sensor of Ca 2ϩ within the SR/ER lumen and the transducer of SOC activation in response to SR/ER Ca 2ϩ depletion. These functions are accomplished when a decrease in SR/ER Ca 2ϩ causes dissociation of Ca 2ϩ from an EF-hand motif in the NH 2 -terminal region of STIM1 located within the SR/ER lumen, translocation of STIM1 proteins to form oligomeric collections termed "puncta" in portions of the SR/ER membrane close to SOC in plasma membrane, and interactions of STIM1 with SOC and/or associated regulatory proteins that lead to channel activation and SOCE (13, 59, 62) . Indeed, it has been proposed that fulfillment of these functions by STIM1 should define SOC (58) . Closely related to STIM1 is STIM2, a 105-kDa protein detected in SR/ER but not plasma membrane, which has 61% structural homology with STIM1, including an EF-hand domain, a protein-protein interaction site known as the sterile ␣-motif domain, and a coiled-coils membrane spanning region within an ezrin/radixin/moesin (ERM) domain (9) . The function of STIM2 is not as well understood as that of STIM1. Some studies indicate that STIM2 has little or no effect on SOCE (22, 30, 36, 51) , whereas others suggest that STIM2 may inhibit STIM1 (50), act to maintain basal cytoplasmic and SR/ER luminal Ca 2ϩ (4), or regulate store-dependent and -independent activation of SOC (35) . Although STIM2 was detected in airway and coronary arterial smooth muscle (36, 51) , expression in PASMC has not been reported.
In a previous study of distal and proximal pulmonary arteries (24), we found that STIM1 expression, SOCE, and [Ca 2ϩ ] i responses to hypoxia but not KCl were greater in myocytes from distal arteries, which are thought to be the major locus of HPV (45, 47) . In this study, we examined STIM2 expression and used RNA interference to evaluate the roles of STIM1 and STIM2 in SOCE and [Ca 2ϩ ] i responses to acute hypoxia in distal PASMC.
METHODS
Isolation and culture of rat distal PASMC. Animal protocols were approved by the Animal Care and Use Committee of the Johns Hopkins Medical Institutions. PASMC were harvested from distal (Ͼ4th generation) intrapulmonary arteries of anesthetized (pentobarbital, 65 mg/kg ip) male Wistar rats (300 -500 g body wt) and cultured for 3-4 days in smooth muscle growth media (SMGM-2; Clonetics, Walkersville, MD) in an atmosphere of 5% CO 2-95% air at 37°C, as previously described (53) .
RNA interference. Small interfering RNA (siRNA) targeted to STIM1 (siSTIM1) and STIM2 (siSTIM2) were designed and synthesized by Dharmacon (accession numbers XM_341896 and NM_001105750, respectively; siGENOME SMARTpool; Dharmacon, Lafayette, CO). After 6-h exposure to 25 nmol/l siSTIM1, siSTIM2, or nontargeting siRNA (siNT) using transfection vehicle (GeneSilencer; Genlantis, San Diego, CA) at 1.0 l/ml in smooth muscle basal media (SMBM; Clonetics, Walkersville, MD), PASMC were exposed for 20 h to SMBM containing 5% FBS, followed by 24 h in SMBM containing 0.3% serum to stop cell growth. PASMC treated with transfection vehicle alone and untreated PASMC from the same isolate served as additional controls.
To assess cytotoxicity of these treatments, we stained PASMC from 3 isolates with 1 M calcein AM and 5 M ethidium homodimer-1 (EthD-1) for 30 min at room temperature after washing with Dulbecco's phosphate-buffered saline. Calcein AM enters live cells, where it is deesterfied and retained as calcein, which is highly fluorescent. EthD-1 is excluded from live cells but enters dead or damaged cells, where binding to nucleic acids markedly increases its fluorescence. For each coverslip, we measured fluorescence at 517 nm after excitation at 488 nm (calcein) and at 617 nm after excitation at 514 nm (EthD-1) in Ն500 cells in randomly selected nonoverlapping fields using a laser-scanning confocal fluorescence microscope (LSM-510; Carl Zeiss, Thornwood, NY) equipped with a ϫ40 objective (Zeiss Plan-Neofluar; numerical aperture 1.3). The percentage of dead or damaged cells was calculated as 100 times the ratio of cells positive for EthD-1 to the sum of cells positive for calcein or EthD-1.
mRNA measurement by real-time quantitative PCR. To assess the effectiveness and specificity of RNA interference, we measured intracellular concentrations of STIM1, STIM2, and canonical transient receptor potential protein 1 (TRPC1) mRNA relative to ␤-actin mRNA by real-time quantitative PCR analysis (qPCR). Total RNA was extracted from PASMC using a kit (RNeasy; Qiagen, Valencia, CA). After removal of DNA contamination (RNase-free DNase; Qiagen), reverse transcription was performed with a cDNA synthesis kit (iScript; Bio-Rad, Hercules, CA) in a 20-l reaction mixture containing 250 ng of total RNA. cDNA was quantified using QuantiTect SYBR Green PCR Master Mix (Qiagen) and a real-time PCR detection system (iCycler iQ; Bio-Rad) using the following conditions: 95°C for 15 min followed by 45 cycles, each cycle consisting of 15 s at 94°C, 20 s at 57.5°C, and 20 s at 72°C. The 25-l qPCR reaction mixture contained cDNA template from 6.25-ng RNA and forward and reverse primers (300 nmol/l). Primer sequences for rat STIM1, STIM2, TRPC1, and ␤-actin were designed using Primer3 software (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi) as follows, where S is sense, and AS is antisense:
, and ␤-actin-AS (5Ј-TGCCACAGGATTC-CATACC-3Ј). Identities of qPCR products were confirmed by: 1) a single peak in the melting curve performed after cDNA amplification; 2) a single band of the expected size resolved by agarose gel electrophoresis; and 3) the correct DNA sequence. Melting curves were performed at 95°C for 1 min and 55°C for 1 min, followed by 80 increments of 0.5°C at 10-s intervals. Real-time qPCR detection threshold cycle values were generated by iCycler iQ software. The concentration of each transcript relative to ␤-actin was calculated according to the Pfaffl (38) method, using amplification efficiencies determined for each gene from 5-point serial dilutions of cDNA samples.
Protein measurement by Western blotting. PASMC samples were lysed in Laemmli sample buffer containing 62.5 mmol/l Tris ⅐ HCl (pH 6.8), 2% SDS, 10% glycerol, 5% protease inhibitor cocktail, 1 mmol/l EDTA, and 200 M 4-(2-aminoethyl)benzenesulfonyl fluoride hydrochloride and homogenized by sonication. Total protein concentration in the homogenates was determined by the bicinchoninic acid protein assay (Pierce, Rockford, IL) using bovine serum albumin as a standard. Homogenates were denatured by adding dithiothreitol to 150 mmol/l and heating at 95°C for 3 min. Homogenate proteins were resolved by 10% SDS-PAGE calibrated with prestained protein molecular weight markers (Precision Plus; Bio-Rad). Separated proteins were transferred to polyvinylidene difluoride membranes (pore size 0.45 m; Bio-Rad). Membranes were blocked with 5% nonfat dry milk in Tris-buffered saline containing 0.2% Tween 20, blotted with a monoclonal antibody specific for STIM1 or affinity-purified polyclonal antibodies specific for STIM2 or ␣-actin. The membranes were then washed for 15 min three times and incubated with horseradish peroxidase-conjugated goat anti-rabbit or anti-mouse IgG for 1 h. Bound antibodies were detected using an enhanced chemiluminescence system (ECL; GE Healthcare, Piscataway, NJ).
Measurement of [Ca 2ϩ ]i by fura 2 fluorescence. As previously described (53), coverslips with myocytes were incubated with 5 M fura 2-AM (Invitrogen, Carlsbad, CA) for 60 min at 37°C in 5% CO 2-95% air, mounted in a closed chamber clamped in a heated platform (PH-2; Warner Instrument, Hamden, CT) on an inverted microscope (TSE 100 Ellipse; Nikon, Melville, NY), and perfused at 1.0 ml/min with Krebs-Ringer bicarbonate solution (KRBS), which contained (in mmol/l) 118 NaCl, 4.7 KCl, 2.5 CaCl2, 0.57 MgSO4, 1.18 KH2PO4, 25 NaHCO3, and 10 glucose. Perfusate was equilibrated with 16% O2-5% CO2 in heated reservoirs and led to the chamber through stainless steel tubing. Chamber temperature was maintained at 37°C with a heat exchanger and heater controller (models SF-28 and TC-344B, respectively; Warner Instrument).
After 10 min of perfusion to remove extracellular dye, [Ca 2ϩ ]i was determined at 12-to 30-s intervals from the ratio of fura 2 fluorescence emitted at 510 nm after excitation at 340 nm to that after excitation at 380 nm (F340/F380) measured using a xenon arc lamp, interference filters, electronic shutter, ϫ20 fluorescence objective, and a cooled charge-coupled device imaging camera. Data from 20 to 30 cells were collected online with InCyte software (Intracellular Imaging, Cincinnati, OH). [Ca 2ϩ ]i was estimated from F340/F380 measured in vitro in calibration solutions with Ca 2ϩ of 0 -1,350 nmol/l (Invitrogen).
Measurement of SOCE. PASMC were perfused for at least 10 min with Ca 2ϩ -free KRBS containing 0.5 mmol/l EGTA to chelate residual Ca 2ϩ , 5 M nifedipine (Sigma Chemical, St. Louis, MO) to prevent calcium entry through L-type VOCC, and 10 M cyclopiazonic acid (CPA; Sigma Chemical) to deplete SR Ca 2ϩ stores. As in previous studies (53, 54) , we then assessed SOCE in the continued presence of EGTA, nifedipine, and CPA by measuring: 1) the peak increase in [Ca 2ϩ ]i caused by restoration of extracellular Ca 2ϩ to 2.5 mmol/l; or 2) the rate at which fura 2 fluorescence excited at 360 nm (F360) was quenched by 200 M Mn 2ϩ . Quenching was quantified as the change in F360 (⌬F360) measured from 5 to 15 min (i.e., during a 10-min exposure to Mn 2ϩ ) and expressed as a percentage of F360 at 5 min.
Measurement of [Ca 2ϩ ]i responses to hypoxia and KCl. After a 5-min normoxic control period, PASMC were perfused with 1) KRBS equilibrated with 4% O2-5% CO2 for 15 min, or 2) KRBS in which KCl was increased to 60 mmol/l and NaCl decreased to 62.7 mmol/l for 10 min, followed by a 10-min recovery period during which the cells were perfused with normal KRBS equilibrated with 16% O2-5% CO2. [Ca 2ϩ ]i was measured throughout these experiments by fura 2 fluorescence, as described above.
Materials and drugs. Unless specified, all reagents were obtained from Sigma Chemical. Calcein AM and EthD-1 (LIVE/DEAD Viability/Cytotoxicity Kit) and fura 2-AM were obtained from Invitrogen. The latter was prepared daily as a 2.5 mmol/l stock solution in 20% Pluronic F-127 in dimethyl sulfoxide (Invitrogen). Stock solutions (30 mmol/l) of CPA and nifedipine were made in dimethyl sulfoxide. STIM1 and STIM2 antibodies were obtained from BD Biosciences (Franklin Lakes, NJ) and Prosci (Poway, CA), respectively.
Statistical analysis. Data are expressed as means Ϯ SE. n Is the number of experiments, which is the same as the number of animals providing PASMC. Statistical analyses were performed using analysis of variance. When significant F ratios were obtained in these analyses, Fisher's protected least significant difference was used for pairwise comparisons of means. Differences were considered significant when P Ͻ 0.05.
RESULTS
In untreated cells, STIM1 mRNA was ϳ200-fold more abundant than STIM2 mRNA (Figs. 1 and 2) . Expression of STIM1, STIM2, or TRPC1 mRNA in PASMC treated with siNT was not different from expression in untreated control cells or cells treated with transfection vehicle alone (Figs. 1  and 2 ). In contrast, siSTIM1 reduced STIM1 mRNA expression by 90.2 Ϯ 1.1% compared with siNT (P Ͻ 0.0001) without altering expression of STIM2 or TRPC1 (Fig. 1) . Similarly, siSTIM2 reduced STIM2 mRNA expression by 89.6 Ϯ 1.4% (P Ͻ 0.01) without altering expression of STIM1 or TRPC1 (Fig. 2) .
Consistent with these qPCR results, protein expression of STIM1 and STIM2 in PASMC treated with siNT was not different from that in untreated control cells or cells treated with transfection vehicle alone (Figs. 3 and 4) . In contrast, siSTIM1 reduced STIM1 protein expression by 92.6 Ϯ 3.3% compared with siNT (P Ͻ 0.01) without altering expression of STIM2 (Fig. 3) , whereas siSTIM2 reduced STIM2 protein expression by 88.7 Ϯ 0.7% (P Ͻ 0.005) without altering expression of STIM1 (Fig. 4) .
Overall, the percentage of dead or damaged PASMC in these experiments averaged 2.8 Ϯ 0.3. This percentage did not differ among untreated control PASMC or PASMC treated with transfection vehicle, siNT, siSTIM1, or siSTIM2 (P Ͼ 0.2).
In the absence of extracellular Ca 2ϩ and presence of nifedipine, CPA caused a transient increase in [Ca 2ϩ ] i that averaged 82 Ϯ 7 nmol/l and did not differ among untreated control PASMC and PASMC treated with siNT, siSTIM1, or siSTIM2 (Fig. 5, A and B) . Subsequent restoration of extracellular Ca 2ϩ to 2.5 mmol/l in the continued presence of CPA and nifedipine caused larger and more sustained increases in [Ca 2ϩ ] i . In cells treated with siNT, this response peaked at 361 Ϯ 35 nmol/l and was not different in untreated control PASMC (346 Ϯ 21 nmol/l; P Ͼ 0.6) or cells treated with siSTIM2 (297 Ϯ 30 nmol/l; P Ͼ 0.1); however, it was reduced to 111 Ϯ 16 nmol/l (P Ͻ 0.0001) in PASMC treated with siSTIM1 (Fig. 5, A and  C) . Somewhat different results were obtained when SOCE was measured as Mn 2ϩ quenching (Fig. 6 ). In cells treated with siNT, quenching averaged Ϫ41.4 Ϯ 2.3% after exposure to Mn 2ϩ for 10 min. Quenching was not different in untreated control PASMC (Ϫ41.9 Ϯ 2.0%; P Ͼ 0.8) but was reduced in PASMC treated with either siSTIM1 (Ϫ16.8 Ϯ 1.0%; P Ͻ 0.0001) or siSTIM2 (Ϫ31.0 Ϯ 3.6%; P Ͻ 0.008). The inhibitory effect of siSTIM2 on Mn 2ϩ quenching was significantly smaller than that of siSTIM1 (P Ͻ 0.003).
Baseline [Ca 2ϩ ] i in PASMC perfused with normal KRBS averaged 141 Ϯ 8 nmol/l and did not differ among groups (P Ͼ 0.7). In PASMC treated with siNT, hypoxia (4% O 2 ) caused a rapid initial increase in [Ca 2ϩ ] i followed by a slight decline to an elevated plateau (Fig. 7A) . In these cells, the maximum increase in [Ca 2ϩ ] i measured during the first 5 min of hypoxia and the mean increase in [Ca 2ϩ ] i measured during 5-15 min of hypoxia averaged 158 Ϯ 29.6 and 89 Ϯ 14.6 nmol/l, respectively. Neither value was different from measurements in cells treated with siNT or siSTIM2 (Fig. 7, B and C) . In PASMC treated with siSTIM1, the initial increase in [Ca 2ϩ ] i was again not different (132 Ϯ 60.8 nmol/l; P Ͼ 0.6); however, the sustained ] i caused by 60 mmol/l KCl (147 Ϯ 15 nmol/l) was the same in all groups (Fig. 8) .
DISCUSSION
Knockdown of STIM1 or STIM2 expression by RNA interference in distal PASMC was highly specific and quantitatively significant for both mRNA and protein (Figs. 1-4) . Furthermore, RNA interference was not cytotoxic, as indicated by calcein/EthD-1 staining and unaltered [Ca 2ϩ ] i responses to KCl (Fig. 8) .
STIM1 knockdown markedly inhibited SOCE, whether measured as the peak [Ca 2ϩ ] i response to restoration of extracellular Ca 2ϩ (Fig. 5, A and C) or quenching of fura 2 fluorescence by Mn 2ϩ (Fig. 6 ). These findings are consistent with results in other smooth muscles, including murine aorta (8) and human airway (36) , coronary artery (51), and saphenous vein (18) , and confirm that STIM1 contributes significantly to SOCE in smooth muscle, as it does in other cells (9, 13, 17, 42, 58, 59, 62) . It is unlikely that STIM1 knockdown inhibited SOCE by impairing CPA-induced depletion of SR Ca 2ϩ , since SR Ca 2ϩ release, as measured by the transient -free perfusion (Fig. 5, A and B) , was not changed by siRNA treatment. More likely, inhibition was due to impaired sensing of SR Ca 2ϩ depletion and transduction of SOC activation occurring as a result of decreased concentration of STIM1 protein (Fig. 3) . As noted above, STIM1 has been documented to serve both functions in a wide variety of cells.
STIM1 may activate SOC by interacting with Orai and TRPC proteins (1, 2, 16, 19 -21, 37, 56, 58) . Orai1 is thought to be the pore-forming subunit of the Ca 2ϩ release activated Ca 2ϩ (CRAC) channel, the classic SOC found in hematopoietic cells, which exhibits high Ca 2ϩ -selectivity, low unitary conductance, and inward rectification (10, 13, 34, 41, 42 ). Orai1 appears to be widely expressed among cell types, but many of these did not exhibit CRAC channels. Nevertheless, SOCE was documented and found to be dependent on Orai1, suggesting that Orai1 regulates SOC other than CRAC channels (32, 37) . Orai1 and its homologs, Orai2 and Orai3, have not yet been identified in PASMC. As an example of TRPC proteins, TRPC1 is thought to be a component of SOC found Fig. 5 . A: effects of cyclopiazonic acid (CPA; 10 mol/l) and restoration of extracellular Ca 2ϩ to 2.5 mmol/l on the time course of the mean change in intracellular Ca 2ϩ concentration (⌬[Ca 2ϩ ]i) from its average value at 3-5 min in PASMC perfused with Ca 2ϩ -free Krebs-Ringer bicarbonate solution (KRBS) containing nifedipine (NIF; 5 mol/l). PASMC were untreated (Control; n ϭ 6) or treated with siNT (n ϭ 7), siSTIM1 (n ϭ 4), or siSTIM2 (n ϭ 4). B: mean maximum ⌬[Ca 2ϩ ]i measured as its peak increase between 5 and 10 min from its average value at 3-5 min in response to CPA in Control, siNT, siSTIM1, and siSTIM2 PASMC. C: mean maximum ⌬[Ca 2ϩ ]i measured as its peak increase between 15 and 30 min from its average value at 13-15 min in response to restoration of extracellular Ca 2ϩ in Control, siNT, siSTIM1, and siSTIM2 PASMC. in smooth muscle and other cells, which have relatively low Ca 2ϩ selectivity and high unitary conductance (34) . In PASMC, TRPC1 was the most abundant of seven known TRPC isoforms at the mRNA level and about equal in abundance to STIM1 ( Figs. 1 and 2 ; Ref. 53) , with which it may interact to trigger SOCE (2, 14, 18, 23, 32, 58, 60) . Further investigation will be necessary to determine how STIM1 interacts with Orai and TRPC proteins to regulate SOCE during hypoxia in PASMC.
The early increase in [Ca 2ϩ ] i caused by hypoxia in PASMC is likely due to release of Ca 2ϩ from SR (15, 29, 44, 52, 55, 63) ; therefore, persistence of this early hypoxic response in PASMC treated with siSTIM1 ( Fig. 7) suggests that STIM1 knockdown did not alter hypoxia-induced release and depletion of SR Ca 2ϩ . STIM1 knockdown did, however, abolish the sustained increase in [Ca 2ϩ ] i caused by hypoxia (Fig. 7 ) without altering the [Ca 2ϩ ] i response to KCl (Fig. 8) . In the absence of STIM1, SR Ca 2ϩ depletion should be neither sensed nor signaled; therefore, SOC should not be activated.
Since the sustained hypoxic response is due to Ca 2ϩ influx (7, 44, 54) , and store-operated (Figs. 5 and 6) but not voltageoperated Ca 2ϩ entry (VOCE; Fig. 8 ) required STIM1, we conclude that the sustained [Ca 2ϩ ] i response to hypoxia required activation of SOC.
In our (53) (54) (55) previous studies of distal PASMC, nifedipine, an antagonist of L-type Ca 2ϩ channels, inhibited VOCE (11) and/or causing membrane depolarization (25, 31, 40, 61) . The former was reported in rabbit distal PASMC (11); however, this observation remains unconfirmed and its underlying mechanism unknown. The latter could result directly from activation of SOC, which have reversal potentials near 0 mV and can be permeable to Na ϩ as well as Ca 2ϩ ( A possible caveat to our conclusions about STIM1 is provided by data demonstrating that activation of arachidonic acid-regulated Ca 2ϩ (ARC) channels, which have biophysical properties similar to CRAC channels, required STIM1 localized to plasma membrane but not store depletion, Ca 2ϩ binding to the EF-hand region of STIM1, or translocation of STIM1 from endoplasmic reticulum to plasma membrane (26, 27, 48) . These results suggest that STIM1 may regulate Ca 2ϩ signaling pathways other than SOCE. The relevance of these results to PASMC is unclear, since ARC channels have been identified in pancreatic and parotid acinar cells and several cell lines but not smooth muscle.
In contrast to STIM1, knockdown of STIM2 did not significantly alter the [Ca 2ϩ ] i response to restoration of extracellular Ca 2ϩ in PASMC perfused with Ca 2ϩ -free KRBS containing CPA and nifedipine (Fig. 5) . These results are consistent with findings in human airway and coronary arterial smooth muscle (36, 51) and suggest that STIM2 did not contribute to activation of SOC by CPA; however, this possibility is not supported by the Mn 2ϩ quenching data (Fig. 6 (Fig. 7) . Alternatively, STIM2 may not have been involved in hypoxic activation of SOC.
In other cell types, STIM2 has been found to have a smaller effect than STIM1 on SOCE (22, 30) or even to inhibit activation of SOCE by STIM1 (50) . Because STIM2 appears to sense SR Ca 2ϩ at higher concentrations than STIM1, it has been proposed that STIM2 regulates SOC activity under resting conditions to control basal [Ca 2ϩ ] i (4). This did not appear to be true of PASMC, since basal [Ca 2ϩ ] i in PASMC treated with siSTIM2 was not different from that in control PASMC or PASMC treated with siNT. The lack of effect of STIM2 knockdown on basal [Ca 2ϩ ] i and the [Ca 2ϩ ] i response to hypoxia, as well as its relatively small effect on Mn 2ϩ quenching, could be due to a lower abundance of STIM2 relative to STIM1, as suggested by the qPCR data ( Figs. 1 and 2 ).
In conclusion, STIM1 was quantitatively more important than STIM2 in activation of SOC in rat distal PASMC. Moreover, in the context of previous results (29, 54, 57) , our data indicate that the increase in [Ca 2ϩ ] i induced by acute hypoxia was initiated by SR Ca 2ϩ release, followed by STIM1-dependent activation of SOC and SOCE-dependent activation of VOCE. The molecular identity of these SOC, how they are activated by STIM proteins, and how SOCE leads to VOCE remain to be determined.
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